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Electroless Ni.ckeJ Plating 
of lr n Powders 
C.A. Loto 
This work illustrates the technicql 
feasi bility of the electroless nickel 
plating of iron powders. The coated 
powders exhibit a high level of hom-
ogeneity and the sintered compacts have 
good mechanical properties. Decreas-
ing powder size increases the nickel 
concentration and improves diffusion 
by particle-to-particle contact. Alloy-
ing is promoted by reducing diffusion 
distances . 
Table 1: Coating Th ickness of the 
Powder Particles 
Specimen 
100 mesh 
150 mesh 
200 mesh 
325 mesh 
m 
' 8 
0> 
7-25 
7·00 
>- 6·75 
.... 
Vi 
:z: 
.... 
0 
• 100 mesh 
x 150 mesn 
..:. 200 mesh 
: 325 mesh 
Average 
Thickness (J.Lm) 
4.030 
4.039 
4.028 
4.049 
1 
OT J 
3B6 51.1 695 
COMPACTING PRESSURES (MNm-Z l 
Figure 1. The effect of particle size distri-
bution on green density at different com-
pacting pressures. 
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INTRODUCTION 
Electroless nickel is described' as a nickel-phosphorus alloy which can be ap-
plied to metallic surfaces as well as semiconducting materials to provide coatings 
of a uniform thickness and with excellent chemical and physical properties. The 
term "electroless" is applied to these coatings since they are deposited without 
the electric current used in conventional electroplating. While electroless nickel 
plating has been extensively ·reviewed by Spencer,2 various other works have 
also explored the area.3•7 
The production of sintered, low-alloy iron/steel from mixtures of the elemental 
powders may not produce a chemically homogeneous product under normal sin-
tering time and temperature conditions. Consequently, heterogeneity in the ma-
terial's microstructure results in inferior mechanical properties.8•9 The presence 
of porosity is the major factor in this condition, but there is ·also some evidence 
that the mixingiblending of elemental powders results in the heterogeneity of 
the compacts. With pre-alloyed powder particles, the problems of heterogeneity 
are largely eliminated, but these powders are very hard. Their compressibility 
becomes so low that the necessary plastic deformation for interfacial contact 
within the sintered mass for effective diffusion is difficult to obtain at normal 
compaction pressures. Excessive residual poro>;ity can result. 
Composite (coated) powders that improve homogeneity while retaining the good 
compressibility of elemental powders have been considered to alleviate the prob-
lems. The present work looks at the feasibility of nickel cGatings for iron powders 
by an electroless plating method using a mechanical stilTing technique. 
THE PROCESS 
Electroless nickel coating produces an amorphous deposit in the as-plated con-
dition. Since the deposit is not dependent on current distribution, it is almost 
uniform in thickness tTabfe Il, regardless of the size or shape of the coated or 
plated surface. The process is a cementation reaction represented by 
ngm - +mM(solid)----. nS(solid) + mMn-
Although the reaction may occur slowly, it is theoretically possible w cement 
nickel from its solution onto an iron substrate. The iron powder particles provide 
a large surface area for chemical reaction, resulting in effervescence and foam 
formation on the solution surfa<:e caused by hydrogen gas evolution. However. 
this frothing action results in the loss of iron powder particles from the plating 
solution container. The nickel plating solution also looses its greenish color sub-
stantially after the first few minutes of plating, indicating that the reaction .. 
proceeds more quickly within the first few minutes than during the rest of the 
plating time. 
The coated powder itself does not show any appreciable change in color, be-
coming dull and oxidizing slightly when dried in an electric oven. Oxidation may 
be a result of the inability of the nickel coating to form a strong, non-porous 
protective layer on the surface of the iron particles. 
PARTICLE SIZE DISTRIBUTION 
Figure 1 clearly shows that the green compact density decreases with decreas-
ing particle size. This effect might result from the fact that increasing the particle 
size leads to increase in apparent density by promoting particle movement and 
a more desirable distribution of stresses within the powder mass during com-
paction. Greater deformation-and ·hence increased densification-results. Fig-
ure 2 shows that porosity increases with decreasing particle size. This relationship 
could be explained by the compacts produced from the powder fraction of smaller 
particle size ranges which have a greater number of cavities or voids . 
The results given in Figure 3 show that at a constant compaction pressure, 
sintered density increases with decreasing particle size. This phenomenon might 
indicate that there is a greater driving force for sintering with decreasing particle 
size due to more pore-solid interfacial area in the sinter mass. With a smaller 
size, there is probably greater interparticle contact, providing more paths for 
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f'igure 2. Sintered at 1120°C, these conI:;fD~ · ;s (1000 x ) at 695 MNm · 2 
were etched in a two percent nital :; . K:~entK (a) 100 mesh-mass 
IM(gm)) : 59.53: volume" (cm3): 20 ; _,;,"- ;,_ ,y (gmtcm2) : 2.976; sieve size 
(J.L ): 150: mean particre -diameter \,. ,. 1: 0.1633 ; J.l.m: 163; and spec1fic 
surface area (cm2/gm): 123.ti2. ': •; .so mesh-mass: 56.49 ; vol. : 20: 
Four di ffere r · .·.:tions of the Ho-
r ASC 10029 were ganaes iron r· 
made usin 
mesh sie·.i' · 
__ ,, 150, 200 and 325 
1 "i. e employed commer-
cial ni _'J lat r.g solution was di-
lut r./ _, t distilled water in the 
of 50:50. The composition 
of nickel sulfamate (500 mil 
..c acid (30 giL), and nickel 
Je (5 giL). A pH of 4.8 was 
dained by adding 10% .sulfuric 
. d or 50% sodium hydroxide solu-
LOn with slow stirring. A temperature 
of gooc was used throughout for the 
experiment. 
pi Jf10 ' 
cun ~ 
L ' 
S everal platings of one hour each 
were made for the different fractions 
of the iron powder. A mechanical stl.'r-
rer was used to bring the iron particle 
additions into suspension in the so-
,JOURNAL OF METALS • August 1987 
EXPERIMENTAL PF CEDURF.:S 
.Jou·cler, a;"ter 
with distilled 
's d1 ied in an 
lution. The coated ira; 
being repeatedly wash1 
water and methanol, 
electric oven with an 
at 120°C. The coated J 
ir u mosphere 
..udt , was tested 
dh L g lyoxime 
. A ?urple color 
for nickel using d i. 
dissolved in metha: 
precipitate reveal 
nickel. Microprob 
used to spectrall, 
powders in both 
tered states . 
th , presence of 
naiysis was also 
naly?.e the coated 
e gt.?en and .sin-
Tensile specimens (green and sin .. 
tered) were made from the coated pow-
ders using tensile specimen dies wit f. 
6.45 sq. em. surface areas. A Deninsc ·1. 
'hydraulic press was used to ma, :e 
compacts of 386, 541 and 695 MNrr; · 2 
pressure for each of the four differ•cnt 
powder particle size ranges. 
The compacter! specimens were sin-
teu:d for one ho Lr at 1120, 1080 and · 
1C60°C using an atmosphere of cracked 
.:rnmonia at 22 7 m"lh and a furnace 
c ·mveyor speed :;f 3.81 em/min. The 
.?reen and sint£ red densities of the 
samples were df·termined by calcula-
!ions, and the green and sintered 
strength was deK~ ermined using an in-
stron tensometer The percentage nickel 
content of the . compacts was deter-
mined using an SEM by analyzing the 
bulk mounted ;ample. A micrometer 
eye-piece was used with an optical mi-
croscope to d~termine the coating 
thickness of cuated powder particles 
after mounting, grounding, polishing 
and etching with a two-percent nital 
solution. 
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Figure 5. The effect of particle size distri-
bution on sintered strength at different sin-
tbring temperatures. 
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Figure 3. The effect of particle size distri-
bution on sintered density at different com-
pacting pressures. 
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Figure 4. The effect of particle size distri-
bution on sintered density at different sinter-
ing temperatures. 
volume diffusion or material transport. The gJ:eater s).J.l'face a;rea pro.vided by the 
smaller particle size might create more paths for grain boundary/surface diffusion 
transport and hence more densification. 
Figure 4 indicates that, in all the powder particle size ranges, sintered density 
increases with increasing temperature (Figure 5). However, the increase appears 
to have a random character, particularly at lower temperatures (1050 and 1080°C). 
The temperature needed to cause nickel diffusion into the iron matrix for ho-
mogenization and densification may not be attained. Additionally, because the 
powder surface area and apparent density differ, the extent of diffusion may vary. 
Inconsistent densification may also be due to the influence of nickel content, 
which is expected to be different in the different powder compacts and at different 
temperatures. Different individual particle sizes, as classified into mesh num-
bers, cause the surface areas and apparent density toKK_ ~~ry K Depending on the 
operating temperature, the plated nickel might therefore·:·!re expected to diffuse 
at different rates into the iron matrix at different concentrations. The impurtiy 
effect associated with oxides and/or surface contamination can, inhibit sintering 
and thereby reduce density. 
HOMOGENEITY AND NICKEL CONTENT 
The homogeneity of the sintered compacts results from proper af~o;ringK The 
evolution of a homogeneous alloy structure for a completely solid-sta~~;sintering 
system is diffusion related. The degree of alloying increases greatly with a rel-
atively small increase in sintering temperature. As evidenced by the mic;ographs 
and the mechanical and physical properties, the degree of homogeneity or alloy-
ing increases with smaller particle sizes. 
The phosphorus content of the sintered compacts W.38%l might · contribute to 
stabilizing the a phase by increasing the solubility of nickel. It might also con-
tribute to lowering of the melting point and, therefore, cause an increase in t}:l.e 
diffusion coefficient'0 · 11 resulting in improved homogeneity and correspondingly 
better properties. The increase in nickel content at smaller particle sizes seems 
to improve the densification of the sintered compacts. Similar results have been 
reported elsewhere.' 2 ·13 The increase in densification may be explained by the 
slightly higher diffusivities of nickel in .fine powder as compared to coarse powder 
particles because of the greater surface or interfacial area. It may thus be con-
cluded that the intrinsic diffusivities of iron and nickel in Fe-Ni alloys increase 
with increasing nickel concentrations. •• 
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